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Statement of Focus

Individually Guided Edugation (IGL) is a new comupre
E?lfﬂﬁ*—ntary education, The following companents of g :
varying stages of development and implementation: a new argai
ingtructior and related administrative arrangements; a model of |
pragramine for the individual student; and curriculum compoanents in preremll 1,
reading, mathematics, motivation, and environmental education. The develon-
ment of other curriculum cuiiponents, of a system for managing instruction by
computer, and of instrustional strategies iz needed to complete the system,
Continuing programmatic research is required to provide a sound knowledge
base for the components under development and for improved second generation
components., Finally, systematic implementation is essential so that the wod-
ucts will function properly in the IGE schools.

The Center plang and carrias out the résearch, development, and impie-

r:ntation components of its IGE program in this sequence: (1) identify the

needs and dzlimit the companent problem area; (2) assess the vossible con-
straints =financial resources and availability of staff; (3) formulate general
plans and specific procedures for soiving the problems; (4) secure and allo-

ate human and material resources to carry out the plans; (5) provide for
effective communication among wersonnel and efficient management of activi-
ties and resources; and (6) eval.ate the effectiveness of sach activity and
its contribution to the total program and correct any difficulties through feed-
hack mechanisms and appropriecte management technigues,

A SElf Tenewing system o! elementary education is projected in sach
participatirg elementary school, i,e,, one which is léss dependent on external
sources for direction and is more responslve to the needs of the children attend-
ing each particular school, In the IGE schools, Center=developed and other
currlculum products compatible with the Center's instructional programing model
will lead to higher student achievement and self=direction in learnmg‘ and in
conduct and also to higher morale and job satisfaction among educational per=
sonnel. U.ch developmeatal product makes its unique contribution to IGE as
it is imp! manted in tha schools. The various research components add to the
knowled 2 of Center practitioners, developers, and theorists,

ﬂ
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This paper ep laing the nature of concepts with which
tie el deals Al wverview of the middel 15 prosentid
which indicites that t_:n:im_::e:%pL:s are atlaned 1t four successive
levels—concrete, wWentity, classificatory and formal, It
Fuether expleens how concepts attatned at the classificatory
or formal level may oo used, The cogmitive f_z}::e;emtlf;mzj
asgential for attaining concepts at each of the successive
levels are indica’ed, The role of language wn the attainment
ol concepts 15 examingd, The vanous fiternal and external
conditions of concept learning are indicated, The research
114 theory on which the madel 15 based are prosepied,




Introduction

T}ﬁrﬁ Emmr rono 3pt" iz czed in opo contoxt
to indicate publicly efine . entities that =
= TEN :,-;L.z:_;;sk:;a;’;gl._‘jl part U the organised 5

various giscinlines whi:,
snerations, .z i

- of the
Leen arassing for g

ts ave the primary substance of educa-
the Englisn tanguage arts, mathematics,

EI:HLC”' and the social sciences at all
f schooling, elomentary thmu'ﬂ grazi-

=, In m::thu context, the term "concept"
iz used to indicate mental construets of indi-
vituals which enable them to think about and

relate instances and classes of things—
ovents, and proce<ses—in the absence of
actual instances of them,

A gubstantial amount of research has
Jdone on concept learning during the past twao
decades. Cne type of research deals with the
logical analysis of concepts within variou
subject matter fields; another tvpe of 1
deals with how individuals learn concept
Despite research of hoth types, at present
there {5 no adequate jui‘“rlptmn cf the cogni-
tive operations invalvr-' in the attainment of
concepts at specifiabl.  -vels of mastery by
individuals whose abilities change in predict-

bieen

Ll"

able wavs with age, We use the term "age”
ag a shorthand term for the combined effscts

of experience and maturation; age, per se,
iz not considered a determining factor of how
well individuals can perform,

Much of this paper is given to describi
a model of the cognitive aperations in congapt
learning. The model was first reported in a
highly condensed férm by klausmeier (1971),
In this paper, the model is described mor
completely, but should still not be regardedas

5]

Jbjects,

a psvchological model as defined by Marx (1970),

Marx limits the term "model” to "a conceptual
framework or structure that has been success-
fully developed in one fleld and is now applied,
primarily as a guide to research and thinking
in some other, usually less-well-developed
field" (p. 11). And further, "When a mode!l
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, ;Lfls',,
guonca of tho results uf that rosearci,

(p, 1 l), The }u’wﬁcwt model is

another field, but from the field of concant
learning itself, It is intended to juide re-
gsearch and thinking v .garding concent learning
1d concept development, hut will probably be
modified based on the results of that regearch,
\\w rofar to it as a modol ©

a framework for :—;pz:u:ifym:;_; andr
of concept attainment a

not Jdrwn rom

2eause it provid
clating lfz‘mlﬁ

el dse, and specifying

the cognitive operations involved at the vari-
ous levels. The levels of coneept maste. and

the operations at cach level have heen [denti-
fied through logical analysis and through orn.-
pirical rescarch in laboratory and school settings
carried out at the Wisconsin Resoarcn and Lisvel-

fapmmni C-;C’f"ltt r and cﬁtht_-

I‘r';%_'dr\_h ld.lurcitu[ 1635,

from fmxr thrmnéz f:ﬁf t:@[‘;:{fgpt lﬁ'w‘imrj :;ﬂ-"eratﬂci
by American experimental psych: logists and ro-
viewed by Eaurn ELEU‘EHJ, am Dummg‘vs};i

(1971):

1959), thegry of | wpﬂthéses (szviﬂéi 1956!
Trabasso & Bi::)wer, 1968), theory of mediation
(Osgoad, 1953), and theory of information pro-
cessing (Hunt 19(;:2)._ Our model 15 most sim-
ilar to Hunt's theory in that both incorporate
information=processing constructs, Both our
model and the preceding theories imply that

all the concepts held by any individual are
learned; they do not emerge simply ith matura-
tion. Thus our model, in agreement with Amer-
ican theories, Epéc‘ifieg tnat the attainment of
concepts iz potentially explainable in terms

of principles of 1aarmng, | differs

Our modesl
from the four theories just mentioned in that

it postulates different levels in the attainment

of the same coacept and specifis:s the cogni-

tive operations: involved i1 the attainment of

a concept at cach level. Many operations are
postulated to be commen to more than one level of
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Plaegs D70 vescrinib g of Coneeual

11“» 1ff~w cE e performanee s of ind-

midals b suerezatve levols of copeepl attaln-

sentand alse prisume that the differences

dot merely a Hitive, Ha»izw_fwfr v dive more

anihasiza than Plaget to conltions of learning

avar short time ntervals ra the fotnan to jevel-

anment across long time spans o continu [ty
relier tan discret: stages i zonceptual -
celopment, o leaming=cavircnmental factors
rather than hiolo _ji(f I-genetic factors in the
emergence of coqaitive operation:, and to

language rather than logico~math. matical

structures in the internal represestation and
relating of expericnees, Wo in pot attempt

to explain the biclogical or puysiological

bases of concept learning, However, w
recognize that in
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the nature of con

point for ligoussing
dnfing Bt
the proporties of ono or more things—.

SIS as ordored 151fs4”r,m1u:. Al

cvoents, or processes—that onables any partic-

alar thiny or class of things to be difforeatiate

from, and also related to, other things or

.«f e ren
[N A B

In connaction with concepts as mental con-
each maturing individual
unique learn-

3
'1

structs, it is noted that ¢

attaing cong cording to Ais
ing sxnerie

turn, } a

I ‘i' maturational pattern, I-
& attains are used in his
e

1cal and social world,
xplaﬂatigﬂg of think-
ing Is stated well by %'»: n (1966, p, 97):
.+ .COncents are the fundamerntal agents
of intellectual work. The theoretical
significance of cogritive concapts (or,
lf you wish, svmbolic mediators) {n psy-
chological theory parallels the seminal
role of valunae in =

iJinGgY, or ¢ m-rn_ry in pn';, ics,

“hemis tr‘;,

oo in

1
pRporience and thv \ntal lin
cuternal (nputs and u\mrt L } ;l\fi(}_fﬁi The
HeO=Row 10 .
O as the black bmx 1w1tr:h that connecte i
behavior with a The )
is viewed t@day a5 a se
mediators.

»iw] r"s‘F el

Concepts as public entities are defined
as the organized information corresponding to
the meanings of words, These meanings are
put into dictionarizs, encyclopedias, aad
other books, Thus, the meanings of the words

O
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1964, b,

Many words or nigher units of the lin-
guistic system come to stand for, or name,
the concepts that have been learned pre-
verbally. Céftéiﬂl}? this is true for a
long list of w s that stand for particular
things or classos of things, gua lxtwq, and
cvants, Tor the English language,
categories correspond roughly to propor
and common nouns; adjoctives: and verbe
of action, peree and farling. Itis
pertaps Laas cloar that "function words”
like prepositions and conjunctions, or
grammatical markers iike the past tense
sign can represent concepts, but a case
can be made for this. For example, prep-
ositions like in, to, above, below, beside,
Dear correspond to concepts of relative
spatial positi=a in a surprisingly complex
and subtlz way: and conjunctions llke and,
Eut, however, or correspend to concepts
of logical inclusion and exclusion, sim-

U’i

stion,
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)éélsilﬂ &
; ﬂtelt;i & Frayér,
é: Frayer, 1970; Ve

1971:

nd lﬁ'F‘lE\Jaﬂt attrlbutes is

itz meaning. Flavell (1970) h_i;
&

1
a that a formal definition of “concept”
in terms of its ipfimng attribules {5 useful in
specifying what concepts are and are not and
also in identifying the great v variability among
concepts. Therefore, we shall use this method
of analysis in formally defining the word "con-

The eight attributes of cmt:e:pt are
learnability, vz =ability, validit C a
power, structure, instam:e numerou 5 nes
instam:e perc:ep'tibility lte:

mg @f any '»vDrd that Etanj f@r 4 cfcmf:s:pt
Experts in the various disciplines may either

by consensual agreement or through empiricai
research relate each of the attributes to any
particular concept. Take, for example, the
concept of verb. Psychologlsts might reach
consensus concerning the learnability and
usability of verb on the basis of existing knowl-
edge, but they would more likely have to experi-
ment to ascertain the extent to which individ-
uals of varying characteristics are able to
attain a concept of verb. Similarly, linguists
might reach consensus on the validity and
generality of verh, or they might also carry out

[uriher research regarding these two attributes.
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rong by o that of tp

,_ql‘lia,)lllt}’ .:n;i us
ified, avwoear to
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ch as dog and free, are
arned than are concepts without

i

pt
d‘ven individ-
freasing with fLi",héI" learn=

~.r1th more lear g in-

éxamélé, high scniors - Y in
thelr mastery of the conzept of valenge. This
riability among persons of roughly the same
agé and experience rertains to the other sev:

attributes as well as to usability: therefore
we shall not refer to it further.




Usability

Concepts vary in usakility in the senze
that some can be used more than cothers in
understanding and forming principles and in
solving problems. For example, the mathe-
matical concepts of qumber and set are prob-
ably used more frequently in solving a ariety
of problems than are the concepts of propc
and ratio.

Concepts as mental constructs of the in-
dividual become more usable as they are at-
tained at successively higher levels. Bruner,
Goodnow, and Austin (1956) indicaeted that at-
taining a classificatory concept aids the in-
dividual by:

1. reducing the complexity of the organ-
ism's environment.
2. identifying the objects of thé world
about him.
3, reducing the necessity of censtant
learning.
4. providing direction for instrumental
activity.
. ordering anag relating classes of events.
[Bruner gt al., 1956, pp. 12-13]

m

As wlill be noted later in discussing the
model of cognitive operations, the preceding
general statements of Bruner et al. can be
stated more precisely in a form in which they
can be tested. Having a classificatory or
formal concept enables the individual (1) to
generalize to new instances and to discrim-
inate noninstances of tha concept, (2) to
recognize other concepts in a taxonomy as
supraordinate, coordinate, or subordinate,

(3) to recognize cause and effect, correla-
tlonal, probabtlity, and axiomatic relationships
among concepts, and {4) to solve problems
involving the concept. The maturing individual
can use his concepts more effectively in the
four ways just cited as he reaches successively
higher levels of attainment.

Validity

A concept is valid to the extent that experts
agree on its definition. Concepts comprising
well-defined taxonomic systems such as those
of the animal kingdem, the plant kingdom, and
the table of chemical elements have greater
valldity than do many concepts in the behavicral
sclences, e. 9. m@m&a democracy, lib-
gral, and gr rnamics . Expérts are in
greater agreement concerning definitions of
the first grodr of concepts than the second

o e,
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An 1ndividual's coacept increases in validity
25 Closer to

as, with learning, his concept com

tnat of the experts, Markle and T iermann (139693)
asse8s the valldity of an individual's classi-
flcatory concepts by ascertaining the extent to

11(:1 ne maxes errars of overgeneralization,
undergeneralization, and misconception. These
£€r7Or5 on the part of students are identifiable
Dy an axperimenter or teacher to the extent that
there {5 agreement among experts as to the de-
fining attributes of the concept and its instances
and noninstances.

Generality

Many concepts are arranged hierarchically
in taxonomic systems. Within the same taxon-
omy, the higher the concept, the more genera!
1t ig in terms of the number of subclasses or
subordinate concepts it includes, Also, con-
cepts higher in the taxonomy have fewer de-
fining attributes than those lower in the taxon-
omy since differentiations among subclasses
are made in terms of attributes that are not
used in defining the higher concepts. Living
thinyg is a very general concept; Yerteprate,
mammal, and man are successively less gen-
eral. The number of attributes necessary to
define a concept increases as the concept
becomes more specific.

As noted earlier, the individual organizes
and relates his own store of concepts. If his
organization of concepts is the same as that
of any of the taxonomic systems mentioned,
then his concepts also vary in generality in
a manner analogous to the taxonomic system,

Power

The attribute of power refers to the extent

which a particular concept facilitates or is
essentlal to the attainment of other concepts,
Bruner (1961), for example, stated that there
were certaln blg ideas, or fundamental con-
cepts, in each of the varlous disciplines, He
recommendad that these sheould be taught first
so that less powerful concepts and factual
infermation could be related to them. Ausubel
(1966) dealt with the power of concepts in-
directly through the construct of advance organ-=
fzer. He stated that an advance organizer,
that is, introductory material to a lesson,
should include concepts at a higher level of
abstractness, generallty, and inclusivensss
than those in the lesson so that the concepts
presented in the new material could be related
te those in the advance orgarnizer.

The relative power of the concepts held



iz, howovn

ryanizo thelr conenpts and
lﬂffll‘"\ ation is mors roadily related to
certaln concepts they have already learned

than to others.

Structure

Any public concent definc
attrihvtr’" ha‘ a trurturé o rélat@mess of
,, 1977

attnhut 15, whir:h he Cﬁllf‘j LUﬁprtL 1al rules,
The rules were derived from the calculus of
propositions which generates a tatal of 16
possibilities for partitioning a stimulus porula=
tion, using at most twe stimulus dimensicns,
Acecording ¢ r:sufnr’:. ten of the possibilities
are unique and nontrivial as related to concept
structure and can bg reduced to five pairs,
each pair consisting of a prirary and a com-
plementary stimvlus partition, or ccnceptual
rule. The basis of the five pairs is that any
instance which is positive under one rule is
negative under its complement. Tl.e conceptual
rules are described in Table 1, The primary
rules appear in the left columns and are labeled
the affirmative, the conjunctive, the inclusive
disfunctive, the conditional, and the bicondi-
tional conceptual rules.

Bourne (1970) summarized a series of ex-
perimeants involving subjects' learning of the
conjunctive, inclusive disjunctiv ve, conditional,

and heonditional rules. Sizable and pos
intrarule and interrule transfer effrcts were
Qbserved! suggesting a tentative hierarchical
model of the sophisticated subject's knowledge
and skill based on the generative character of
concepts. According to our logical analysis,
most concepts involve any of four i‘ulﬁisg
affinﬁativ\é, conjunctive, inclusive disjunc-
tive, or conditional,

An individual may or may nat be abla to
either identify or name the defining attributes
of the concepts he holds, However, attaining
the concept to the highest level of mastery
requires recognition and naming of the defining
attributes, as will be noted later in discussing
the model, Bruner, Olver, Greenfield ot al.
(1966), Nelson (1971), and Wiviott (1970)
found that knowledge of the intrinsic attributes
of concepts, which for many concepts are also
the defining attributes, increased with age,
Wide differences in the ability to identify and
name the attributes were also observed by
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Instance Perceptibility

woncopts vary with respect to the extont

that instaneces of them can be S;zisca”

o ;-‘rm’npumtm::_f,
eterpity nas ao
these pales are 'nst;,m:-;aj an
es of accuracy
or example,
antation of o

a5 point but nut an Dhservablc

Inqhmco of it.

\\zith incroas mg age, individuals are able
obvious attributos of in-
o cxperienced, Also, the sari-

r ._@r'y’ mujalltig can be used in combina-
rding to Bruner {1964), tic naturing

1d i: cessively able to interact with a:

reprosent the sonvironment enactively, lhuﬂlLJll}

and symbolicall,, and to combine thé:-e modes

of reprasentation, As the child gets »lder, he

can learn more through manipulat;ng objects

anJd seeing them. In addition, he can learn

about them through symkbkolic, especially v

experiences.

Instance Mumerousness

Mnost concepts have instances. The number
of instances ranges from one to an mflrute Aum=
ber: one 1n.3tamfé=—i;afth 5 moon! a small num-
ber—the continents; a large number—drops of
water; or an infinite number—integers, Certain
concepts may have imaginary rather than actual
instances, for example, pilotless passenger
airplanes.,

~ Most individuals continue to encounter
new instances, or pictorial or verbal repre-
sentations of instances of the samc concopts,
with increasing age, But there is great variabil-
ity among individuals with respect to the num=
ber of instances of the same concepts encoun-
tercd and with respect to the nature of the in-
stances encountered. Children living in desert
regions do not enceounter swamp lands: those
who iive in the lawlands al@ng riversr lak‘.eg,

;h;ldrrm hving 1n our inner c:ltic;‘-s ancéuntgr
no kind of land except the asphalt of the
inner city,

For different individuals the particular
instances of the same concept encountered
may vary markedly. For example, most chil-
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Figure 1 shows the structurz of the model.
Four successively higher v vels .n the attain
ment of the same concept re outlined. The

ft‘i‘l,ll’ SUCCEess

ive levsls are ~gncgrete, (dentity,
v, and formal. A concept becomes
increasingly usable and valid when attaine ~ by
an individual at the successive levels,

To prevent confusion, we state here that
the model in its totality cescribes the attain-
ment of four levels of the same concept rather
than four kinds of concepts. The four levels
apply to the many concepts that can be defined
in tzrms of attributes and which have actual
perceptible instances o readily construated
representatiors of instances. We have aiready
cited a foew examples of this kind, which in-
cludes all the concepts :’:Dmpnsmg Ehé plant
kingdom and the dnimal kingdom, However
the operations at each level are intended to be
applicable also to different kinds of concents,
some of which, because of their nature, are
not attainable at all four 'evels. We can spec-
ify these kinds of concepts and the levels at
which they may be attained.

There are some concepts for which there
1;, imly one instance, such as Earth's moop and

arahe . and some that have many
iientlc:al Lnstanccg for example, inch aad
pound. Related to Figure |, such single-
instance or identical-instance concepts which
have defining attributes may be attained at
the concrete, identity, and formal levels, but
not at the classificatory level, By our defini-
tion of classificatory level, there must be at
least two r nidentical instances that can be
placed in the same class. Therefore, some
concepts as specified in this paragraph cannot
Ee attalned at the classificatory level.

There are other concepts that are not use-

ful fc:tr cla%ifying instaﬂees a.ﬁd noninstances

_______ ., for example,
jgr;c_g and 5pace. Thegg also migh_t be iwarned
at the concrete, identity, and formal levels,
but not at the classificatory lavel.

C

validity
that thnere he_— defining
attributes, for ex 2 , LTy
Concepts such as heae might be learne

three lczwar Ievels but not at the fDm“ 11

may no

coptible U‘lfmnu; . s:uc:}_ ag mfi nity and .Lty:
These cannot be learned at the three low ¢ Lovels
but might be learned at the formal level.

Returning to the four levels given in ! ;-
‘ire 1, we postulate that attaining a concepr at
the four successively higher levels is the norma-
tive pattern for large numbers of individu.ls
under two conditions. First, the concept is of
the kind for which there are actual perceptible
instances or readily constructed reprasentations;
and second, the individual has experiences
with the instances or representations starting
in early childhood. Further, in order to proceed
to the formal level, individuals must acquire
labels for the concept and for its attributes,

Children have direct experiences during
preschool years with many things and attain
concepts of these things at the first two lavels,
They also attain many concepts at the classifi-
catory level and learn the societally accepted
names for the concepts and their attributes
though formal and informal instruction,

Earlier we indicated that some individuals,
due to environmental conditions, may not en-
counter actual instances of a concept; rather,
thev mxperience instances only in verbal or
pictorial form. Thus, these individuals may
attain a concept at either the classificatory or
the formal level at the outset,

It should also be noted that the mature
person, although capable of attaining a conecept
at the .ormal level, may attaln it only at one of
the lower levels and stop at that lavel because
of the way in which the perceptible instances
are encountered or other conditions of learning,

ligure 1 alsc shows the ways that con-
cepts may be extended and used. Concepts
acquired at the classificatory and formal 1evels

9
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Operations Related to Levels of Concept Attainment

Havin'' considered the overall features of
the model, we may take up the operations in
more detail, starting with those pertaining to
the concrete level,

Concrete Level

Attainment of a concept at the concrete
level is infetred when the individual cognizes
an object that he has encountered on a prior
nccasion. It is appropriate to define some
terms before proceeding further. We usge the
term "operations' much like Gulilford (1967)
does, Guilford defines the operations «f
cognition, memory, productive thinking, and
evaluation formally and also operationally in
terms of test performances. He states that
cognition must be related to the products
cognized and defines cognition formally as
follows:

Cognition is awareness, immediate
.discovery or rediscovery, or recogni-
tion of information in various forms:
comprehension or understanding ....

The most general term, awareness,
emphasizes having active information
at the moment or in the present ..

the term, recodanpition , is applied to
knowing the same particular on a
second encounter ,,, if cognition is
prac:'tically instantaneous, call it

- on; if it comes with a

sllght delay, call it "immediate
discovery! " [Guilford, 1967, pp. 203-
204]

The first step in attaining a concept at
the concrete level is attending to an object
and representing it internally. Woodruff
{1961) points out:

All learning begins with some form
of personal contact with actual objects,

events, or circumstances ...

The individual gives attention to
some object ., Through a light
wave, or a sound wave, or some
form of direct contact with a
sensory organ in the body, an
impression is picked up and lodged
in the mind. [Woodruff, 1961,

p. 66]

Gagne (1970) indicates that as the indi-
vidual attends to an object he discriminates it
from other objects. Woodruff (1961) calls the
outcome of these attending and discriminating
operations a concrete concept, a mental image
of some real object experienced directly by the
sense organs. The infant, for example, attends
to a large red ball and a white plastic bottle,
discriminates each one, maintains a mental
image of each, and cognizes each of the objects
when experienced later.

The discrimination of objects involves
attending to distinctive features that serve to
distinguish them one from another, Thus, very
early the child learns to respond to gross differ-
ences in such features of objects as size, snape,
color, and texture. As the child matures, he
becomes capable of making fine: discriminations
involving these and other features.

The attainment of a concept at the concrete
level thus requires attending to the distinctive
features of an object and forming a :nemory
image which represents the object as a unique
bundle of features. The concept at this level
may or may not be assoclated with the concept
label, depending on whether the label has been
learned and remembered, and whether it has
been assoclated with the concept,

The preceding analysis of the operations
in attaining concepts at the concrete level is
sufficlently comprehensive to include motoric
experiencing of objects, That is, an c::bje::t ma:.r
be manipulated physically and repr
aglively as well as explared vlsually and
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f‘“Df“SF""lti‘i ikonically, to use Bruner's (1964)
,,,,,, The model postulates that

atto *m; Jl%t‘!’lrﬁiﬂatiﬂg, and remembaring
are involved in sensorimotor experiencing as
well as in the visual perception of objects.,

Identity Level

Attainment of a concept at the identity
level 18 inferred when the individual cognizes
an object as the same one previgously encoun-=
tered when observed from a different perspec-
tive or sensed in a different modality. For
example, whan the child makes the same re-
sponse to the family poodle when seen from
straight ahead, from the side, and from various
angles, he has attained the concept of poodle
at the iderntity level., Whereas concept attain-
ment at tr..- conerete level involves simply
discriminating an object from other objects,
attainment at the identity level involves both
diseriminating various forms of the same
object from other objects and al-o generalizing
the forms as equivalent. Generalizing is the
new operation postulated to emerge as a result
of learning and maturation and te make attain-
ment at the identity level possible.

As noted earlier, there are some valld and
powerful concepts, such as Enc
for which there is only one instance but whu:h
can be represented in different ways, i.e.,
aurally and in printed form. These concepts
are typlcally learred at the concrete and
identity levels but not at the classificatory
level., Therefore, as shown in Figure 1 by
the arrow going directly from identity to formal
le-=l, (ndividuals proceed directly from the
identity to the formal level with this kind of
concapt,

Bruner, Goodnow, and Austin (1956) have
pointed out that identity responses occur very
early in life and that the capacity to recognize
identity may be innate and merely extended to
new events through learning, Vernen (1970),
however, belleves that infants have to learn
by experience that objects and events in the
environment are permanent even though they
may change their appearance from time to time
as their distance and orientation change.
Whether identity responses are Innate or
learned, the capacity to recognize identity,
indeed the expectation of the continuity of
objects and events in the environment, is well
developed in adult perception,

Recognition of object identity is central
to Plaget's formulations. Acceording to Elkind
(1969), Piaget's conception of concept empha-
sizes the variability that occurs within things,
that is, the changes in state, form, and
appearance that can oeccur to any entity.

14

Praget ncstulated the principles of vientity
1ty being concerned
2N0E5 Or SAMOnRes s
1servation
11L BN ss

and conservation, 1de:
with ﬁ;u‘z*ainmfi the lik
of the same thing in thought and o

crned with maintaining the

being conc
or dameness of the same thing in experience.
An individual's concept of Jog, for example,
presumes that an individual dog will retain its
"dogness" both in the internal represontation
and in the direct exparience of the individual
with the doy, Without this permanence both in
the mental construct and in the actual {pstance
of the specific doy, the individual’s criteria
for recognizing a Jog, or Jogs, would shift
from moment to moment.

Elkind sointed out that American psychol-
o0gists have tended to ignore this within=
instance variability ~f concepts and have
emphasized the digscrimination response aspezst
of concept attainment by which positive in-
stances are cognized and discriminated from
noninstances. Llkind (1969) summarized the
two points of view thus:

From the discriminative respeonse

po rnt of view, the major function of
1. concept is the recognition or
ciassification of examples. The
Fiagetian conception, however,
assumas that a major function of the
concept is the discrimination betwern
the apparent and the real. This dis-
crimination, in turn, can be reduced
to the differentiation of betweern-"and
within=things types of variability,
Here again, a comprehensive con-
ception of a concept must include
both functions because, in fact,
every concept does serve both pur-
poses. [p. 187]

The present model propoges that a
concept is attained at the {dentity lavel tempo=-
rally before it is attalned at the classificatory
levei. GStated differently, the individual must
be able to cognize various forms of the same
object as equivalent before he is able to
generalize that two or more different objects
belong te the same class.

Classificatory Level

The lowest lavel of mastery at the classi-
ficatory level is inferted when the individual
responds to af least two different instancaes of
the same class as equivalent even though he
may not be able to describe the basls for his
response. For example, when the child traats
the family's toy poodle and the neighbor's
minlature poodle as peodles although he may
not be able to name the defining attributes of
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1At at least twoe diffarent

ot jll?lllq
1re gquivalent in some way is the
lewer limit of this level of concept learning:
fividual is still at the classificatory

‘! of concept learning when Lie can correctly
sify a larger number of instances as
examples and nonexa:ples, but cannot accu-
rately lescribe the basis for his grouping in
terms of the defining attributes. Henley

{eited in Deese, 1967!, like many other re=
searchers, has ohserved this phenomenon,
Many of her subjacts were abie to sort cards
correctly Into examples and nonexamples of
the concepts being learned--things with
serrated edges and things that hold things
together--vyet gave totally ~wron~nus defini-
tions of the concepts.

Formal Level

A concept at the formal level inve' iro
classification i1s inferred when the indiv. jual
can give the name of the concept, cas name its
intrinsic or societally accepted defining attri-
butes, can accurately designate instances as
belonging and not belonging to the set, and can
State the basis for their inclusion or exclusion
in terms of the defining attributes.
the maturing child demonstrates a concept of
dog at the formal level if when shown dogs,
foxes, and wolves of various sizes and colors,
he properly designates the dogs as such, calls
them "dogs, " and names the attributes that

differentiate the dogs from the foxes and wolves,

The distinctive aspect of this level of concept
mastery is the learner's ability to specify and
name the defining attributes and to differantiate
among newly encountered instances and non-
instances on the basis of the presence or ab-
sence of the defining attributes,

As noted in Figure 1, the labels for the
concept and the defining attributes may be
learned at any of the three lower levels but are
not essentlal at those levels. Similarly, the
discrimination of the defining attributes may
occur prior to the formal level but is not essen-
tial, Thus, discrimination of things on their
global and diffuse stimulus properties which
Is essential at the concrete level changes to
discrimination of more specific and abstract
properties at the identity and classificatory
levels. However, at the formal level, the in-
dividual must be able to discriminate the defin-
ing attributes from irrelevant attributes and
label the defining attributes. We hypothasize
that individuals who can do the discriminating
and labeling of the defining attributes, in com-
parison with those who cannot, will also iden-

For example,

tify cr ples with fower errors of
QVer T ion and undergeneralization and
5 1” calsa he ablg ED use th; concept m

in Fxgure 1.

The operations involved in Conoent
learning at the formal level are also shown in
Figure 1. The first operation given ai the
formal level is that of discriminating the
attributes., Feor some concepts with obviaus
attributes such as coler and form, the Jdiscrimi-
nations may have occurred at earlier levels.
However, both diserimination and labeli
the attributes are essential at the forma
This is true whether the individual infers the
concept by hypothesiziag and evaluating
relevant attributes or by cognizing the attributes
common 1o positive instances as shown in Fig-
ure 1.

Individuals differ 10 their ability to
analyze stimulus configurations into abstract
dimensions or attributes. There is evidence
(Gibson, 1969) that this ability develops with
age. Retarded children may have difficulty
with simple concept learning tasks bacause of
difficulty in learning to select out and attend
to specific dimensions (Zeaman & House, 1963).
Even among children of adegquate intelligence
there are those who characteristically analyze
the stimulus field and apply labels to attributes
while others tond to categorize on the basis of
a relatively undifferentiated stimulus {(Kagan,
Moss & Sigel, 1963).

Orienting instructions may be given to
make explicit the attributes of the stimuli
(Klausmefer & Meinke, 1968). These instruc-
tions facilitate the learning of concepts at the
formal level by assuring that the learner knows
all of the attributes which may be ralevant to
the concapt,

In connection with language and concept
attalnment, we recognize that deaf {ndividuals
and others who lack normal speech development
may attain concepts at the formal level. By our
definition, the individual must know the defin-
ing attributes of the concept and must be able
to communicate this knowledge., Verbalizing is
normaily used in this kind of . ommunication,
but symbelic cominunication--for example,
slgn language--may al:c be employed, Thus
speech, per se, is not necessary for the
attalnment of concepts at the formal level,
but there must be some means for symkolizing
and communicating the concept in the absence
of examplars,

Having discriminated and named the
attributes, an individual may infer the formal
level of a concept In either of the twe ways
shown in Figure 1. One way involves formula-
ting and evaluating hypotheses and the other

15



S . . N
o esitd welialis i uu

Whiech strate

titr s Vi2E W ._c:;’ufim,'

( 963) aefine* an hypothesis ag
prediction of the correct basis
In the hypothesis-testing
approach, the learner guesses a possible de-
fining attribute or combination of attributes.
Ee then compares this guess with verified
examples anZ nonexamples of the concept to
see whether it is compatible with them, I[f
they are not compatible, he makes another
gquess and evaluates it against further examples
ind nonexamples. Eventually, he combines the
information he has obtained from testing his
hypotheses so as to infer all the defining attri-
butes and thereby the concept.

Essential tothe hypothesis-testing approach
are the operations of remembering and evalua-
ting hypotheses, There is support (Lavine,
1963: Williams, 1971) for the idea that the
subject formulates and remembers a population
of hypotheses, remembers the hypetheses that
were rejected, and also remembers the last
one accepted as correct, Bruner, Goodnow,
and Austin (1956} indicate that an individual
Aetermines whether or not his hypothesized

Lg vine
the subject's
for resp@ﬁdingi

{7
concept is valid by recourse to 1 ultimate
criterion, test by consistency,. test by con-

sensus, or test by aflective congruence.
Inherant in all four procadures is establishing
a criterion for judging the correctnass of an

hypothesis. In the present model, the validity
of an individual's concept may be assesed in
terms of how nearly it corrcsponds to experts’

agreement concerning the concept.

The operations involved in the hypothesis-
testing approach to inferring concepts appear
to characterize individuals who cognize tha
information available to them in laboratory and
classrc m settings from both positive and
negative instances. These individuals
apparently reasen like this: Instance 1 has
land surrounded by water. It is a member of
the class. Instance 2 has land but is not
surrounded by water. It is not a member of
the class. Therefore, lands surrounded by
water belong to the elass and lands not
surrounded by water do not. Surrounded by
water’ is a defimm; attfibute of the concept.
a partial and
p@ssibly ggmplete definitian t::f the concept
based on experiences with only one positive
and one negative instance.

A secona way of inferring the concept is
by noting the commonalities {n examples of
the concept. The commonality approach is
used more often than the hypothesizing

16
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dRRlen gl WY Shiiale T Lodduse Loy alo
gither incapable of carrying out the hypothe-
s1zing and evalvating operations or for cther
reasons pursue the com
(Tagatz, 1967), ln this connection, the
commonality approach is entirely appropriate
for use whan only positive instances of the
concept are available. Thus, it is probably
empl@yéd in slﬁuatmns W hét‘é the m:llv;;mal

:escnptmng ,Gf, p@szt;ve ms,tan;g?i
Our model is censidered appropriate for
léafﬂing :Enc’:eptg at thé fé'rmal 1E“Jél ’;;y E‘ithé'f

that many EDf‘LEE“LEE’ are a [tang at thetr cl 55i=
ficatory and formal levels by upper elementary,
high scheel, and college students through
being given the names of concepts, verbal
definitions, and verbal examples but no actual
instances of the concepts. Ausubel designates
this kind of learning "concept assimilation,”
an exampls of meaningful reception learning,
to contrast it with "concept formation, " an
example of meaningful discovery lzarning.

We should consider briefly whar takes
place when the learner is given the concopt
name, its defining attributes, and a verbal
description of an instance or twoe, as i
frequently done in classroom settings. The
individual may attain a concept at a low lovel
of mastery through this brief instruc—ti@nal
sequence. However, 2 there-
aftar is to properly generauz% tc:: newly en=
countared positive instances aﬂd to ;iigc‘inlif
nate noninstances, Thls
and discriminating invelve further hmrmng,
including the use of the operations specified
in the model at the formal level. The basic
operations entailed in identifying newly en-
countered instances are hypothesizing
whether the instance does or does not belong
to the concept and evaluating the hypothesis
in terms of the defining attributes given in
the definition, Prerequisite to these two
operations are discriminating the attributes
of the concept and knowing their labels.

Ia

Acquiring Appropriate Labels

The importance of language in concept
learning is widely acknowledged by American
and Russian paycholodists (Bruner, 1964:
Vygotsky, 1962), Having the labels of con-
t:epts’ Enabies the indivi:’iual to thin]-* in
attain @ﬁher :Gn:epts thraugh language ax-
periences in the absence of perceptible in-
stances. Carroll (1964), as noted earlier,
has cutlined the close relationships among

GFO HO1-780=4
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cor cepts, meanings, and words. However,
our purpose here {5 not to deal with the rela-
tionsips between language and concept learn-
tng, but to show at what points labels may be
learned and associated with the various levels
of concepts.

Figure 1 indicates that a concept label
may be assoclated with an instance of the
concept at any of the four levels--concrete,
identity, classificatory, or formal. American
children who have somewhat similar experi=
ences and instruction regarding certain con-
cepts might manifest a sequence like this:

A young child first encounters a dog. The
child's mother points to the dog and says
"dog." The child then says "dog," and
agsocliates the name with his conérete con-
cept of the dog. Next, the child develops

the concept of the same dog at the identity
level through experiencing it in different loca-
tions and situations. His mother repeats the
name at various times {n the presence of the

dog: the child says the word repeatedly. The
word "dog" now comes to represent the child's
concept of the dog at tne identity level. Sub-
sequently, the child encounters other dogs and
observes that they, too, are called "dogs. ™
He generalizes the different dogs as equivalent
in some way and assoc.ates the name "dog"
with whatever similarities he has noted.

The word thus comes to represent his class

of things called "dogs." At the formal level,

socletally accepted attributes of the class of
things called "dogs" and alsoc learns the names
of the attributes., Now the child's concept of
dog approaches or becomes identical to the
societally accepted definition of the word
"dog."” As Carroll (1964) pointed out, the
concepts held by individuals and the meanings
of the words representing the concepts are the
same for mature individuals who share sir1lar
cultural experiences and the same language.
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The individual wi
may extend and use it as shown in Figure 1.
Conecepts learnad at the classificatory and
formal levels can be used in generalizing to
new instances, cognizing supraordinate-
subordiuate relations, cognizing predictive
and axiomatic relations among concepts, and
generalizing to problem=-solving situations.,
Ausubel (1963) and Gaqna (1970) ha
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af attainad égnv:e;»ts hEWf_\!ET very littlé
empirical research has been done. In this
regard, Ausubel formulated the constructs of
cognitive structure, advance organizer,
correlative subsumption, and derivative
subsumption to show how previously attained
and newly encountered concopts arc related,
while Gagné has indicated that attained
concepts are prarcquisite for the learning of
rules, Because of the paucity of theory and
rescarch, we are able to offer only tentative
surjestions regarding the extension and use
of knowledge about an already formed concept
in the following section,

Generalizing to New Instances and
Discriminating Noninstances

The attainment of concepts at the classi-
ficatory and formal levels reduces the need
for additional learning and relearning, primarily
because the individual is able to generalize to
new instances of a concept and to discriminate
neninstances. Having a concept also provides
the {ndividual with expectations which help
him deal effectively with new instances of it.
Once he identifies a plant as poison ivy, he
may treat it gingerly. One test of concept
attaihment in our é}:pér‘lﬂﬂ‘ﬁts is thé individ=

nc:\t prevmusly gnc@untzred qs mgtan;es or
noninstances of the particular concept. We
find that both school children and college-age
students generalize to new instances readily.

n and Utilization

Further, the use of instances and noninstanczes
in instructional materials to teach concepts
can be manipulated so that errors of over-

gen eralization and undergeneralization can

e predicted (Feldman, 1972: Swanson, 14972),
Not only does having a concept enabple

the learner to identify new instances and act

appr@priateiy taward thcm but direct and

":M"

pugblbly increzse theg val;d,;Ly and p:::wa,r c:)E
the concept for the individual, as these attri-
butes were detined earlier. For example, the
Canadian visiting Kenya during January, when
it Is summer there, may attain more valid ind
powerful concepts of flower and plant.
Similarly, by being told that a whale is a
mammal, an individual comes to realize that
same mammals can live in the water as well
as on land. Hence, his concept of mammal
has increased validity.

Cognizing Supraerdinate-Subordinate
Relationships

Besides generalizing to new instances,
individuals can also use concepts attained at
the formal level, and possibly at the classi-
ficatory level, in cognizing coordinate,
supraordinate, and subordinate relationships
among classes of things. The lowest level
of cognizing these relationships is inferred
when the individual, according to verbal
instructionsa, puts instances of hierarchically-
arranged concepts in their proper groups.

For example, an individual upon request puts
all instances of red and blue equilateral
trlangles in a grouping of equilateral

triangles, all instances of equil..teral triangles
and of right triangles in a grouping of triangles,
and all instances of triangles and of rectangles
in a grouping of polygens. Further, he justi-

fics cach group formed on the basis of the
defining attributes of the group. For example,
he states that equilateral triangles include

19
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LFi: s 1 ures that nave
tnree sides, aclude all the
forms or figu ree or more sides.

supracrainats te relati
enips include whe 1966) designated
as relationships involving inclusion and

exclusion, Again, merely beiny able 1
group a few instances properly according
to verbal instructions is pot a &
test of understanding these relationships:
an adequate justification for the actions
18 réquiredi According to Kofsky (1966),
nowledge concernirg supraordinat. -
sordinate relationehips increases with age.
The understanding of supraordinate=
subordinate relationships increases the valid-
ity and usability of the individual's concepts.
For example, knowing the attributes of acid
and also that vinegar is an acid leads to the -
inference that vinegar has the attributes of
all acids, as well as the attrilbutes peculiar
to vinegar. Thus, all of the things known
about acids--for a2::ample, how they react
with bases--are true for vinegar alse. In this
way, learning that acid is a concept super-
ordinate to vinegar increases the validity and
usability of the concept of vinegar for the
individual,

Cognizing Other Relationships

In the model, statements of relations
between or among concepts invelving cause
and effect, correlation, probability, and other
lawful relations such as contained in axioms
are treated as different from relations of in-
clusion and excluslon invelving supraordinate
and subordinate concepts, These firs: three

20

1 C Ve
:n‘_rmt&g out that gngerstaﬁjmg lawful relation=
ships between or among concepts permits =
relating of classes of things instead of indivic-
ual things, In this connection, Gagné (2970)
cites the example of the ruls "round things
roll, " and indicates that understanding the
relationship among the concepts incorporates
in the rule enables the individual to predict
what will happen to all round things under
certain circumstances. Or, consider the
more complex relationship "When two sub-
stances at different temperatures come into
contact, the temperatures of the substances
tend to equalize.” This relationship permits
us to infer what will happen in such diverse
situations as putting ice cubes in warm soda
pop or being lost in a snowstorm .

In all cases, being able to understand
and use a lawful relationship depends on
knowing the concepts that are related, Only
then can thé pr’in:iplé or a}:iam be appliad to

Generalizing to Problem-Solving Situations

Woodruff (1967) discusses the rule of
concepts in higher-level mental activities,
including problem solving. Also, Gagné (1970)
indicates that one way in which concepts are
used in solving problems is by the application
of principles to the problem-solving situations,
For example, principles underlying the con-
cepts of pressure, volume, gravity, and
distance can be utilized to determine the
height of a mountain using a barometer.
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Conditions of Concept Learning

(1965} outlinea the vari-
ount 1 their long-term

cept learni:. ; and

den=

eler et al.

ables to be taken iato a
programmatic research
instruction. Thrg’ '1355 5 f variables
tified were organismic, task, and instructicnal
conditions. The more explicit subsets of
interest for Lhé madel are age, or internal con-
ditions, task variables associated with the
nature of concepts, and instructional con

Age and Concept Mastery

The two age variables of primary concern

in the present model are (1) the ability of

the individual to carry out the cognitive apora=
tions at cach of the successive levels, and

(2) the ability to carry out each operation on
more highly differentiated and abstract proper-
ties of concapt instances a- required
Alg:, heing atle to

at suc=
cessively higher levels
speak and camprehend words is
attaining any concept at thn fﬁmal level,
These and other abilitiee may be treated as
age variables frem a developmental peint of
view and as internal conditions of learning
from a learning point of view,

The preceding variables may be reviswed
briefly as they are related to the successive
levels of concept attainment. The attending,
discriminating, remembering, and generalizing
operations requisite for attaining a con cept at
the concrete and identity levels are present in
very young children., Tn order to attain a cor.-
cept ot the classificatory level the child must
be ab.e to carry out all these operations on
more highly differentiated properties of the
ir. additien, to

5 critical in

instances and must be able,
generalize that two different instances of the

Becauge

same set are equivalent in some way,
verbal definition of the concept is required for
attainment of a concept at the formal level, the
child must have sufficient language competence
to formulate or comprehend such definitions.
Turther, when concepts are attained at the

RIC
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11C1ons.

mli must understand

of the words used, Thus,
acguisition language compatence and
specific tenninology as well as the ability
i1 ut Lmtain cognitive operations are
r learning a concept at the formal
o

Concept Var'nbles and Concept Mastery

The carlior Jdisc
attributes imply that varia
with concepts, attnhutcs -
instancos of concepts aro

variables in la } alary experiments

stimulusg
and also in prinfed te;{gual materials. In
connection with learnability, for cxample, 1t
Wwas pointed out that some conceprts are more
difficul to learn than others. Also, the
structurc of the concept in terms ::1_5 hm\, the
attributes ar joined determines the demand
upon the various ecnitive operations of the
learner, For exan:pie, even when a child
can discriminate and label the attributes of
instances, he may not be able to correctly
infer the concept if a disjunctive rule is
invglveﬂ This is be&ause the strategy of

ju_m:tiv&. c@;i;;pta, A more sapm&tmatga
hypothesis-testing approach using information
from negative instances is required which

may not, as pointed out earlier, be fully
developed in young children. These and

other variables associated with concepts and
these dealing with instructional conditions may
be grouped as external conditions of learning.

Instructional Conditions and Cor cept Mastery

Earlier we indicated agreement with
Bruner gt al. (1966) whose cross-cultural

21
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asingly, behavior
of instructional
ing eoncept formally in torms of the attributes
of that coteygory of lea

A concapt may he

)T_U'(\

de

Il'_ﬂ

rning pmiugLa called
Concets, i 5

ordered information abou
one or more things- h]{:

cls, evenls, or
a particular thing
hfﬂ JlIIEI’EI‘l[latEd from,

concept 15 properly
treated both as a mental construct of the
individual and also as a societally accepted
meaning of a word standing for the concept.
As a societally accepted word meaning, a
concept has cight attributes: learnability,
usability . validity, generality, power, struc-
ture, nstance numerousness, and instance
perceptibility,

According to the model of cognitive
operations described in this paper, the same
concept {5 learned at four successively
higher lavels: concrete, identity, classifica-
tory. and fomal. The operations {nvolv i1 at
the ru~cessively higher levels include attend-
Ing. discriminating, and remembering at the
concrete level; the preceding three operations
and generalizing that two or more forms of

GPFO B801-7906=3

VI

Summary

the same thing are equivalent at the Lientity
lovel; the preceding operations and Jeneral-
L2INg that two or more 1nstances of the same
ot are equivalent in some way at the classi-

“‘"’ \L\'j

ficatory level; und the prece ,
other higher level operations, and the use of
language or other symbols at the formal level.

A concept attained at the classificatary
or formal level may he used in Lji‘nurg“?‘.lﬁj
to positive instd...s and discrimingting non-
Instances; cognizing other concepts s supra-
ordinate, coordinate, or subordinate: cognizing
cause-and-effzct, correlational, and other
relationships of the attained concept with
other concepts; and using the concept 1n
problem sol- ng,

The model 1mnlies various internal con
ditions of learning that are essential for
learning a ccncept at the successively higher
levels; it also implies exterral conditions
that are facilitative at each level, The
model thus provides a possible framework
for further research on conceptual learning
and development and also for instruc:ion.,

In this paper, research bearing direct.y on
the model was reviewed; research dealiiy
with internal and external conditions of
l~arning was not.
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